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(54) PRIMER FOR GENE AMPUnCATION, METHOD FOR NUCLBC A^^^ 
(54) PR™t«^ g^^^ ^^^^^^ DISCRIMINATION KrT 

(57) A nucleic add differentiation method utOizing 
complementary strand-exchange reaction in competi- 
tive hybridization can cleariy differentiate a site of gene 
mutation or a difference between genes in a target 
nucleic acid even when the gene mutation or difference 
is located near the primer binding site of tiie target 
nucleic add. 

■me Invention provides a method and assay Wt fbr 
differentiating the Identity between two nudeic acids tiy 
labeling a gene amplifying primer including a primer 
main region which is complementary to the target 
nudeic acid to be amplified and having added to the 5" 
end of the primer main region a sequence which is non- 
complementary to the target nudeic acid; amplifying 
one of two nudeic acids to be determined fbr identity 
using the labeled primer, thereby obtaining a labeled 
DNA; mixing the labeled DNA with an unlabeled DNA 
prepared from tiie other nudeic acid to effect competi- 
tive hybridization; and measuring the degree of comple- 
mentary strand-exchange tiiat has occurred between 
the ldt)eled DNA and the unlabeled DNA by utilizing tiie 
label 
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Description 

difference may be shifted to the central • » """^ 7; . ^.ifn&r even when the site of gene mutation or 

for assaying genes by this nudeic acicWifferentiation method. 

indispenscdble. ^^c^r.^ tr. oe nonn di&eafies (molecular diseases) include almost 

. ^^^^^ 

mine the gene type at a high specificity. w«iormininn the aene tvoe is the method of Nicolas, J. C. 

eiai. \cr Mootw . oiAQfti;/iQRQar«l 252300/1989: J. C in. MlCrObiOl- 30, 17ZB\i»«iJ. 

Patent Applicalion ma> (JP-A) Nos. 3^*^^^® Tli^^ standaid DNA is prepared from a double 

The method of Nicolas et al. is earned oirt as '^^'J'/J!°^~ bioBn labrt in one strand and 

otide sequence identical with that .^L fi,«nded sairde DNA. resulting in the amount of 

between the double siranded labeled standard ^^'^J^^^'^^^r^^ from *e initial amount, 
the labeled standawJ DNA possessing botti the '"'T S% *S«nt from that of the labeled 
On the other hand, when a fraomentmclud.ng a to^bS^f^^^ stranded labeled 

0 Standard DNA is present in the sample. st«nd «^f«"9f « "^^^^J^ DNA would remain 

Standard DNAandthe^uWestr^^^ . ^eotide 

substantially unchanged. Bnefly stated, this nielhod determ^^ 

sequence identical with that of the '^eted standard DNA P^^^^ by ^^^^ * hybridiation). 

labeled standard DNA added which is an improvement 

e Also.fheintfenlDr8dthepresentinveritionpr^)06edan^^ In this method, a primer indud- 

over the method of Nkx,las et al. (PCT*''^"^®' ^Jlf, '^^^l^^l^t^P^Z^ of a tar- 

ing adetectat-e ^^Vl^S DNCmtS^^^ 

r^rTr^Tof^^s-Te^rd^sr^^^^ 

S;n:=*m°*eSr Sc-as et t^-**-*--;-^^ detec«on system 

of ED-PCR and combining it with competitve nyDrioizaTOn, i™""*" " ^ h-roin«ftflr 
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. - ,i««^jjnrtinn eRe however would be liirtted when the information on the nucleotide sequencse 
The choice of the primer-binding ale. ™JTr' ^^^^ oenes For example, in the case of determining 
is limited, or when the sequence to be ampWied te ''^^^i^^i^rO^'^fot the sake of examination 
theHLAtype orthe like. DNAsd^«riousty«^«J^^^ ^ ^und 

and sometimes difficift to dHferentiale with the abo«^lescrtoed PCR-PHFA. 

10 pRiFF pPRHRiPTI^M T"^ "RAWINGS 

FIG 1 IS a schemata: view for explaining the deference In f^-y '^'^ °" 
whether a site of mutation is located in a central portion or ^^^^^IIITa^s a schematic wiew for explaining the principle 

competilive hybridization. 

present invention is to prwide a nucleic "Trorr^ete ^ has the mutation site orthe nude- 

near the end of the amplified f*«*»«»-^_ _ ^ ^. ^ P,q, i ,„ the competitive hybridization, when the 

After such investigation, it was «*'™'«;"2rfSiS£?tocalS in t^e central 

so mutation site or the nucleotide sequence » ^'J^^^'^!^^ SJ SSSrSfte mismatch site and the fully 
tarence m stability is significant f slgnHicant between the double 

complementary double ^^^^ fragment (D) when the 

simnded fragment (C) including the SSJ^nd portion of the DNA stmnd. rendering 

mutation site or the nucleotide sequence to be « ^ JrJer^s^ed that, if the difference in stability 

35 the differentiation dHficull. On the b»« of such To^^D^^ become easier to enable a con- 

venient differentiation even If the nuMcaami«Lo^ a and B designate the primers, 
near its primer binding site. »8houWt» noted flwUnF^.^^^ 

in view of such situation, the inventors of *e.P«»«* '"f^J^ ITrtjcteoMe sequence to be differentiated 
40 the amplHication of the target nucleic acd ''^^'^''^B """j;^^ acid is added on the 

near teprimer bindhig site, if a length of sequence ^'l^'^^^^^T^^^l^ „],, be the one wherein the 

The present invention has ^^^^^rli^^^^ 3 including the mutation site orthe nucleotide 

More illustratively, as shown n FIQ^A). when «2« « ^ near its primer binding sfte is 

sequence to be differentiated (hereinafter i^S^ nucleic acid having added to 

amplified with a primer A comprising a primer •^^r^J^'^J^^jTackJ. one anvlrf icaHon product 4 

50 Hs 5- end an additional sequence 2 that is ""^^^T'*™'^!^^^^^^ add 3 wl« be obtained in 

Wherein the mutation site or the like X has '"^J^J f « will produce two similar 

the reaction of the first cyde. In the readion of the second qrcle^ target iSdelc add. and the 

amplification products 4 throu^ the use of another pr»ner B which « J^^J";^ ^ ^ A, •,„ m 

ta^et nudeic add 3 wil produce one drrjar '^^^^^^^'^ H "^T£e or the like X hL shifted 

ss similar amplHication produds 4 in T^^^pl toton pr^^ 4 is used as a 

,0 the central side »'e^*«'.«'^I«^.2itSS,^^by^^i^^^ 

sample DNA. and the mutation srte or Ihehke ^^^J^^^^^^^ number of hydrogen bonds serially 
^ S^e1^t«~e«^ru: SStrTsSiy i„ c^^ras. to t.e case . *e d«.e 
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Ac««.ngl,, » present P«»*« • •«?22SSS^^1".^™^ *=" 

anrli^ pdnw-actoidiiio**e PreMn'in'**"'-** 

n a sample, characterized in that said method ~r "^^^^Si^a^STS^^ therein a detect- 

targetnud^WKJjnthesarnplelJrus^^^^ 

able label and a pnmer hwing introduced acoordina to the present invention hawing inlro- 

said primers being the above.;eso*ed ^^^^^S^^^^ using the resulfing labeled 

ducedthereinadetectablelabelandftKa8ite«paWeolb.^ ^ ^ ^ 

DNA as a labeled sample ^^f «^ "V"^^^ amount or excess of said unlabeled 

labeled sample DNA «s an unl*eW hybridization; and thereafter measuring the 

Standard DNA to said labeled sampte DNA tocai^ !^ed between said labeled sample DNA and said unia- 

la sample, characterized in that primer S^ing Introduced therein 

of primerscomprisingaprimer hajj^^ being the abo.e<lesabed gene 

5 a site capable of binding to a soM Ph^'T^^. S/ma ^uced therein a detectable l*el andtor a site 
amplifying primer according to the present "^^^Ji'^^ dna as a labeled standard DNA and using 
capable of binding to a solid phase carrier; uang J« '^^^^^^^^ to be detennined for identity 
an unlabeled DNA in the predetermined ;2'°^**J^^^^ Or excess of sad unla- 

mine the identity between the nucleic acids. 

. M«^«t nisiA in the above-mentioned differentiation method (1) and the unlabeled 
« In such case, the unlabeled slantod ^NAin the aowe^n^ amplifying primer 

sample DNA in the above-menHoned^d«e«nJrton^m^ f^^^SSZ^ or I sHe capable of binding to a 

vectorofaplaBmidandaphagft M^-naccflvidt for elfectina nucleic add dWereniiaHon by the above-men- 



one of the following (A) to (C): 
(A) an unlabeled DNA specimen 
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chimeric vector of a plasmid and a phage: and 

^ J, p«« having '^'tTS^SZ^^^ »ft,pn«« !»»«"« 
one of the tolkwng (A) and (B): 

itieric vector of a plasmid and a phage. 

u»o nf hm nresent invention are adapted for assaying 
TT,e above-mentioned nud«c add dferentjboji^^ 
nudefc acids by the above-mentioned nucleic aad ^^^^^'SSS the abow^nenHoned method (1). the target 
J^^te carried out by using the former assay ^^'^^^^^^^eti sample DNA. and oompetitwe 
rJSc1S^nSsample .samp.«ied wrth apsnr^^^ „S3ed DNA specimen: and 

hvSidization is carried out between the thus prepwed a^eieo sar^ accordance with the abwe^nenboned 
IJjn ie Sferentiation assay is <»^''? J'^S' "^rf I 'SpSs^ labeled s1anda«l DNA. arK. earn- 
rJhod (2) the DNA specimen is ampHied vrtth a pair of ^""^^1^^^^ and the unlabsled sample DNA 
pS^SnS^ton-^Lriedoutbetj^ 

Scared from the sample using the unlabeled " '^^^ nucleic acid with the primers, the sample is 

SJJmsured by utilizing the label. In ^^''^•^^rS^^^S^^ reagents necessary for the ampHHcaHon 
S)i^Sdto an adequate prelreatment such as ce I d^uPfto"' » ^S'oTb^ trying the hybridization product on a 
aJ?JSS^. The measurement of the ^ybrid-zaton produrt .s^ hybridization prod- 




S.* all Of » conalMnl '"-^"r^r^^^JS^'.XB^ «, baMS (twae h/d™g« 
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prim«^ of Ihe present kivertion tej^ for ^TSifrerSTatiS^^^^ <'SS*.e label may bje 

and delayed fluorescent substances (Dm rnj^ 

In the nucleic acid differentiatKjn -"etf^- 1^®'**'""^^^^ be introduced In the primer of the present 

a silDStance that specifically t«nds J, «ie ^gj^^a nucleic add or protein of a particular 

invention. The label that canbei«ed.nth,ser^^ 

tvoe and a hapten. Kofin may be used m °' -r^e lioand may be used with a receptor. 

ThSTen nS^be used wHh an antibody ««» ^««"';^'"^3St^aClete^^^^ Jec»lcally binds thereta a 

, and th^nudeic add or protein of the ^^^^ toS ZcuS^^protein. Examples of the hapten that can 
nudeic acid-binding protein or a prote« tt«t hasan «J.^y to and biolin or a fluorescent sub- 

be used include compounds having a ^'^'^'^^S.^^^ambe Suroduced alone or. if desired, in oom- 

Jtencemay.alsobe.usedas.the hapten. Th^^^^ 

binalion of two or more by known "f ^ be the same. 

0 deteclable label and the sfte capable of b'nd'ng Id a^d Ph««» ' ampirication reaction, and most pref- 

The gene amplHying primer of the P^^^^^^'I'JrSSf^ M-PCR Is adopted tor the detection sys- 
eraWy. in a nudeic add differentiation mett«d ^"^^ either by the method (of Nicolas et aL) 

tem.Lsu*case.thenudeicadddifler«rt^^ DNA. or by the method «J 

wherein an excessive am«int """^^f ^£°^J^"S by the inventors of the present invention wherein an 
35 PCT/JP94A)i 106. Nud. Adds. Rec. 22. 1 541 fJ^^M iwoposea W ^ altematively. by any desired com- 

excessive amount of unlabeled standard DMA is mutation or the like of the target nudeic 

;^«ve hybridization process Involving "^I^^^^J ^^^X St^L^^ of the target nudeic add In the 
Sdd can be positioned near the primer """J^S ^^'^^^^^^ on the template DN^ and when tiie 

enable delemiination of ttie presence/absence of a Pj=^^^ „e co^resent with normal cells, and 

oene detection of a small amount of abnormal oelte '^IT^^^^ to thedetermination of ttie DNA type 

SeiLnation tor identity of a P^'^-'^jr 'r^SJ^na P^Sie^^ ^ « 1^' 

40 of the HLA gene or the like. The use of the X TwSert nL the primer binding site, tiiereby reaBring 
Nation of the nucleic add even when the mutation^ *f '^J^J^i"^^ « made for this differentiation 

conprises the steps of amplifying « '«**''!L2SL^^,S?rrt1<S^^ V. 
accTrding to tiie present invention « Dlii as a sample DNA using an unlabeled DNA 
solid phase carrier on tiie other primer^ DNA; adding an equimdar amount or 

spedmen to be determined tor Klentrty w* hybrktaatton; and evaluating the degree of 

« Scess of said standard DNA to ^^^^^^^^^Z^Tsa^S^^ said standard DNA by utilizing 

« baled slanda«l DNA to said has occurred on both aleles a only on 
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phase carrier. «^ii#i,.afir>n mav fMrrBrisG the Drimer of the present invention. It is, 

same as those described in iha forcing. _:„ec and e^^ 

The samples that may be used include Wood. <^«!.*^^^^' PXaSli"^ and blastomeres in a test tube 
ble from human being. In the case of prenatal a precipitate by cenWugalion 

may_be-used.as_the.sample.Jhe.8amples.as^oraft^^^ 

be previously subjected to cell disrupton by !22l^SlJ^£fte puUe of exposing the DNA orig- 
ication or a combination thereof. In this case *e «f ' <J;"J^ « Z S^aoM«toKe with well-known processes 
inating from the target tissue. Tbe cen disrupton m^^^^^ 

in the literature, for example. PGR ^'^'^■^^'Zj^^ SrolffiSfiwi is possiWe with less than 1 ^g of DNA. 
DNA m the sample is approximately 1 to 100 ,g .n totej. ^ aba«^lescribed sample. 

When the primer pair for nucleic acd ^^f^^J^.^^^^^^ ^ be amplttled is present in the sam- 
genearrpHfUatkni^rc^Jl^.^^^^ 



pnOSpnaie, aeoxyyuai luou « -k- -^^r » - : nrimor 

,0 ihich is sometimes referred to as ^NTP^* ^ ^ abo^«-mentioned nudeic acid units for 

in the extension reaction, an ^'^^^^''^^^^^^^^^^ employed. The nucleic acid extension 
amplifying nucleic add strands and nudeto ^^^.^^ DNApdymerase I. Krenow 

eSmes incorporated in sudi reaction reagent ^^^'^^^^^^''^^ ^ Se of a Smany stable DNA 
fragment of the E. ooli DNA polymerase J^^'^ P°^^ pj^rnerase or the like is most preferable. 

poi;me«SB such as Taq DNA polymerase. ™^ C)N A po^e^e^ .^X^ Cprimer is impro^d to enable rapW. 
fusing such DNApolyme«se.thespeafK;y of te^^^^^ ,^ ^ ^^^^ an oH may 

5pedf ic gene ampBficalion (For further dej-" l^j^/j*^^^ Son solution. Any oil exhibiting partition 

i^rrhL^rr^eS^s^^ 

^ nlCSc1c«in^esa^lemaybee.a.^^^ 

described nudeic add amplrfication primers, ^t''''^;^,^^^ in the publications sudi as 

reaction may be adequately determined in accordance « ^g^JT^SrSS 1^ Press (1989). 
Jikken igaku (Experimental Medidne). Yod^. 8 No. 9^^!^ j^^on p^o^^ abwe-descrtoed gene amplifi- 

« Next<»mpet.^«ajjc.«^e^^ 

BO gene corresponding to the gene ^^"^'^^^ t2^^^«^ia^i>mtBni DNA may be prepared as will be 
be used depending on the purpose a the <if^-^ LJ^S hotnSwMJS to the amplification product of the 
desatoed betow. It shouW be ^^^.^d^CrtS^^^^^ ^ 

rn:rrsL^rrsCn^^^^^^^ 

dMMted. Tt» tm mllM ««• M" '^^,;:^^^^!^^cM>>. andintroducinglhewaorinano* 
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DNA may be prepared by er,z^c dea^fle t«.m a na.um. gene wrthout utilizing gene amp.»lca«on. Pre,> 
aration by chemical synthesie ie also possible In s«"«f ftuabon^ competitive hybridization 

The unlabeled slandad DNA Pr^ously Prer«red "^^"^SS^ C^di^rbolh of me above- 
together with the labeled sarrple DNA as ^escjed ab«« Jn Iheo^^ ^ ^ 
d^ibed DNA must be denatured, and the '^^Z ^L^^^^n^S^e^- In *e method of the present 
mixed immediately before the denaturaton ^^^^^^1^^^^^°"^^^^^^^^ to the labeled sample DNA. 
invention, an equimolar amount or excess 'SSiS SSard DNA is pretty added 

5sr;cr«rirra^rrot7^^^^^^^^ 

itate the adjustment of the soluBon to optimalojndjo^^^^^ denatured by the abwe- 

Compelitive hybridization may be earned out by """"a 1^^'^'^ With respect to tenpera- 
desaibedVedure.-ando,BdaallyreduonB.t^^^ 

ture conditions, optimal conditions may ^""te^^*** nucleotide sequence. Usu- 

^"°!i:::sj;irr.ec^5^e^.i««^ 

and 252300/1989 and J. Oin. MiciobK)!.. 30. ;^j,^^'J;',^!^ e^„'^rto^ 
s stranded nucleic add ie indic^ by a s,gnal '"^^i;^^^^^^^^^^^^^^^^ the compeSlive 
add CTbe labels on the ^^^^^.^^^^r^lm ln JeJr^ strand exchange frequency 
hybridization pnxJucls aa descnbed f^^f PJ*^*if^^ gigna, produced will be weaker when the sample 
between the labeled DNA and the unlabeled ^^^^"^^^iS ^r>aBx6 DNA In the target region of the 

On the other hand, when a label other than .-a-ent for the indirect measurement is a 
« indirectly measuring the label is employed. When ^^^J^'^^^^'^^^ reagent is an antbody- 

oonplex of avidin or strepto-avidin with an ««yme. "^^Tj^lJ'^ri to the hapten, 
enzl^e complex compridng ^."^j;^"^"^^ 

and a substrate for the enzyme » also ^'^'^^^Jj;^"^,'!'^^ detection means. Exemplary oom- 

reagentand a label to produce a •"T^'^f ***!?wH,t^rra?S enzymeand 2- 

« bSionsof enzymeandsubslralejjk*^^^^^^ tor the enzyme 

nitmphenol. p-D^lactoside. ^"«»Vjni^J«^^^ etc. tor the substrate: 

and 3-(4-hydroxyphenyl)propionic ««^J.3^W^e«B^ ^ 

titer well whid, has been treated to ^^^'^^'l^^ in the sample indudes no mutation, measured 
55 Withrespedtotheresultsrfmeasi^^ 

values are significantlydecreasedbecaus^ ^ ^ ^^g^ents 

Give amount of the labeled standard DNA. On the f"* 

including the mutant gene (homo), high measured ^^^^^^'^^^^.X^i^^ wherein only one of 
ietaed Blandaid DNA. When the mutation is present in half of the DNA sample ineiero. me ««» 
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orthenudecrtde sequence tobedifferentrtedjT^ 

DNA Obtained by amplication has ^,"!^^^^^;S^^er^ with no mismatch «te and the 
resulting from hybridization of ^^^^'^'^^^Jl'^^^^^l in stability, enabling dear differentia- 
double stranded fragments with mismatch site wj exhibrt an inaewed ^ 

Lof thetai^jetnudeicacid al. oonprL the steps of 

AS described abo^e. the nudeic ac«J drfferentiabon W,n a detectable 

amplifying the DNA spedmen by using a pair of P'''"^^"Si„Q^^^^ carrier; using the resulting 

,S and a primer having '^^^^^^ ^i,e amol d an^rtat^led sanple DNA to said labeled 
labeled DNA as a labeled standard DNA: a^tf^^" product for the degree of comple- 

. -standad DNA to carry out competitive ►'J*"*^^*^.^^^ Sid unlabeled sample DNA by 

mentary strand-exchange that has ocwred betajen «'?^2?SXSm phase carrier to determine the identity 
, utilizing said detectable label and ^^J^fJ^^J^^ JTsSSnfly reduced for the sample in which a 
between the nudeic acds. In thj f« J^J^^^ by the excessive 

the sample Dl^ . ^.a^^-n^, orcoidina to the method of Nicolas et al. is carried out by 

in tiie present inventioa Ihe nude« a°«'^'«*«?^*^f at least one of the primer pair for the 

usingtinegeneamplrf^ngprimerdtheprese^^^^ aS.plif ication of the 

preparation of the labeled etandanl DN^ ^^^^^ J^'^LjJ^^^ binding site, the resulting labeled stand- 

nude, add -erentiat-^e^-^lS^S 0^^^^ 
amplifying primer of the P^»f '"^^J pSner of the present invention having 

35 witi, the pair of primers wherein ft "east of ^« P;"^^ .^l^^^^ J toTS-d Phase earner, and amplifying the DNA 
introduced therein a delectable bbel andfo^ a «2!J^'i''^S;iS.Sir^ 

spedmen. The ampl»ioalion P"**^*^ of the present invention. The unlabeled 

a^on of tiie labeled sample DNA JS^f-^r^^^^ sample using ti.e unlabeled 

sample DNA can be prepared by ^^"'^^.^"J^ Z^ivZ preparation of the labeled standaKl DNA. 
primer having the nudeotide s«,uen<» ^^J^^^^^^S^^ile gS^ a vector selected from a plasmid 

« deSS. and ampliticaBon may be carried ^J^'^^T^'^^^^tto 20 times in excess of the unlabeled sam- 
Next. an equimolar an»urt «|c«e^ and f^^J^^"^,'^^^ and the resulting competitive hybrid- 
pie DNA is added to the labeled standard to eftectcon^^ i^nd-exchange that has occurred between the 
ization product is evaluated for the d^w of ,f_SrS!^2SndSa3e above<lescribed differentiation 
labeled standard DNA and the ^'^f^^'^^^J^ SlSSS^SSier ttSn ttte aboveHT«ntioned. the reagents. 

^'-iSr^clSS^-r^ - Of .e pr^em -^or, .ab^. SSe^^^^TT. 
tion in a mideic add or differentiation ^.^.n^ S to eSn^na^^^^^^ 

SreS: -S'^^^ Oene an^«.ng primer of ti.e 

SSrtSvLon that has been labeled: and one of the followffig (A) to (C). 
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meric vector of a plasmid and a phage. 

- *u w ««ortinn attRssi accoTdina to the differentiation method of 

vector of a plasmid and a phage. 

accordance with the above^Jescrtoed "Jf»*^ including the gene amplifying primer 

optionally subjected to pretreatmert cdldsru^ a^^« 

of the present invention that has been labeled^ adding ^^fSSlT^wive anKni of the unlabeled DNA speo 

mutatiSn is to be detected to obtain the '^^^'^ ^1 *e uTa^SoiS SS^^S^A P^"*-* ^ 
imenortheunlabeledDNAspeamenprepaj^^^^^ 

the unlabeled standard DNA to ^^^''"^'^Z^^^^M^oJmBi between the DNAs. 
, productonthecamertoevdumethedegreeofstmnd^c^^^^ 

Whenthenudeicaciddiflerentiatwnass^s^^o^^^^^^ 

in accordance with the ^^^aZ^cZ rSagents and amplrfying the DNA to 

above^escribed labeled standard DNA-prepanng P^T!:,,r*,?unSeled sample DNA from the sample by using a 
obtain the labeled standard DNA; preparing, in the ""^hM T^ci^^ amount of the thus prepared unla. 
0 pair of the unlabeled sample DNA^ireparing pn««r "^J^^^SSX^Xf id trapping the resulting compet- 

Sled sample DNA *° '^''^eSefto i^lS^^^ '^'^ 
ilive hybridization product on the earner to evaiuaw ww 

DNAs. . i„„^ in siich assay may bethose known Inthe art and exemplary 

The amplification reagents and earner «npl^^^^^^^ such as^ SSlialion method of the present invention. 
« reagents and carriers are those '^^Z^^.^^^'^Z^^ such reagents and carHers. The 
■me nucleic add differentiation assay tat of the P^®'* sanple pre*ealmenl. a washing sdu- 
assay may be carried out by addHionally enpkvnB a ^"^'^^"f?"^^?!';/^^^ reaction solution, and rea- 

L.fa wihingtheampirK^tjnproduct. method of the 

ne>c..thepresentinven.ionisdesatoedindetailbyrefarringtoExamp.esand^C^^ 
means yirtt the scope of the present invention. 

45 cvo^i piAe 1 to a tmrt Trff""^" Example 1 

locoed tm, ih. p*«r (OB-BAMP-^, mm '^'TT^^^Z^fLm ol «. l»«»it i™»«o™ (Bam- 

differentiation ability. 
Primers 

^ . -^.^ and DRBAMP-B as shown below, and primers DRBAMP-BAT, 



end of DRBAMP-B. 
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5'. GTTTCTTQGAGCAGGTTAAAC - 3 

DRBAMP-B .^^n-r>x Q. 

5* - CCGCTGC ACTGTGAAGCTCT - 3 

^^^T"!SniA^^ 4,600) 
on ^f^complemeote^^ (the underscored regK)n) A:mC = 4.16.0.0) 



DRBAMP-BGC 



n ie noncomplemetrtary sequence (the underscored reg»n) A.T.G.C = 0«.5.15) 
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on (ihe underscored reflK)n) A:mC = 4^.82) 

amp lrficatiQn 

P^. pa^ 0. a^r-«on pr-.^. were ^^ed ea* «^^^^^ 
ducS^thJTein as a site capat^e of ""Jinfl a 

DRBAMP-BAT. DNP-DRBAMP-BGC. and DNP_;D^!'J^rcTtSw (pH 9.5. 2SK)). 50mM NaO, lOmM MgClz 

site. To 100 Ml reaction soluBon «»::Pf '"^ ^On^M -^84^^^ 2 unite of Taq 

and 200mM dMTPs were added *0407 gene ^Qe^er wrth each ;«.r« a^^ ^ to 30 cycles of gene 

DNA polymerase. The reacdon !«f "Src for a^sionds and 72-C far 1 minute (PGR). The 
amplification each comprising heating ^^^^J°,^^^;ZDm solution. 

resiling four reaction solutions were used ^J^'^^^°^t,^^ each comprising NH^-DRBAMP^ (1M 
,n me meanwhile, other four pairs ^fJ^^^iZTolwS^^^^ ^ NHa-DRBAMP- 

ng). and one of the unlabeled primers NHrDRBAMP-^^^ ^ ^ 

M (100 ng). and '0403 gene was ^^P'J 3 JoluUons were used as an unlabeled sample 

above by the PGR under the same conditons. The resulting lour lew. 

DNAsdulion. ^...oHinur labeled standaid DNA solulions and the Ibur unlabeled sample 

. , 0. *,e abo.<,escr.ed ^.ed rtelHToT^M'sSrr S^^^^^^ 0 -^^S 
mixed. 6 Ml of 20 X SSC (20 x SSC: 0-3M ec^*"^ P^^^^^ SSwTh^ed i 98-C for 10 minutes and then 

^"te abo^escribed procedure was repeated by preparing a so|uJon wheran 20 p. of -s added 
insteSTcSSed sS^le 0^ The resuHlnfl sdution was used as a control. 



SO 



.ao.ali.uotwassan^ed^m.ec«j^^^^^^ 
was promoted at 25'C fOr 30 minutes using ED-PCR ^J^^J^^ douUe stranded DNA having both the 

Ted in terms of absorbance at 405 nm to deterojne '^^'^^^^^J^ ^ simultaneously conduced In 
biotin and DNP labels, "me competitive hybridization procedure as descnoea 
two test tubes, and the measurements were averaged. 
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below. 



10 ferentiation ability. 

Primers . 
region) was added to the 5' end of DRBAMP-B. 



.DRBAMP-6/5/6 
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5'. TrCTTGQA3TACTCTACQTC - 

^^^T- CCQCTGCACTGTQAAGCTCT - 3' 
DRBAMP-BAT 
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DRBAMP-BGC ^„<,^^r.or.ri-rrftrTQCACTaTQAAGCTCT - 3' 

On the noncomplemertary sequence (the underscorea reffon, 



DRBAMP-B4 



I ^rSinentarysSueix* (the underscored region) A.T.G.C - 4.6.8.2) 



55 



^Iff^ ^rpplrf ication u;^8«4«%- 

Pourpa..aa.r.cat.n^«^w«P^;«^^^^^ 

r^aoi iSUwasaddedtc 100 mI ^^'SST^rof^rfS^^^^ 2 units of Taq DNA 

SaCI. lOmM MflCfe and 200mM dNTPs together •J'^fg^Ji^ subjected Id 30 cycles of g«.e 

^?ly,;era8e added. The reacSon e«lut«n wa« ^e^^ "^^Z^ ^nds and 72-C for 1 minute (PGR), "me 

,n i-e meanwhile, other four p«r6 of ^Jj^*^ jr^^XAMP-BAT. NH^-DRBAMP^BC and NVfe- 
(100 ng). and one of the unlabeled P"'^^Ffe^RB^. ^ ^ 

baled sample DNA solution. „,«,„r«itourlabeledstandafdDNAsolutionsandthe1ourunlabeledsample 
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troller, MJ Research). u n 

The abweKlescribed procedure was repeated by preparing a reaction sdubon wherein 20 ^1 of HgO had been 
added instead ot the unlabeled sairple DMA. The resulting solution was used as a control. 

A 20 ul aliquot was sampled from the conpelitive hybridization reaction solution, and color 'Jf^*'**,'"*;*^"' 
was prani^ aJJs-C for 30 minutes using ED-PCR for the detection system. D^elopmertrtyeltow color ww .neas- 
X'Ss (JSortjance at 405 nm to determine the amount of the residual double stranded DNA having bothjie 
Sn arJSlP SSi. TTie competitive hybridization procedure as described above was simultaneously conducted .n 
two test tubes, and the measuremente were averaged. 

Evaluation 

Rom the thus obtained results, the dilution index (the degree of dilution of the lat^eled standard 
with tSunbbeled sanple DNA (*1302 gene)) was calculated by dividing the absortjance at405 nm *e rearton 
SrfoS Ie«?n modeled sample DN^ 

S^Tn^STn^ein H^O w« added instead of the unlabeled sample DNA. The results are shown .n Table 2. 
below. 

Table 1 
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Comparative Example 




Example 






1 


1 


2 


3 


Primers 


DRBAMP-4 


DRBAMP-4 


DR6AMP-4 


DRBAMP-4 




DRBAMP-B 


DRBAMP-BAT 


DRBAMP-B4 


DRBAMP-BGC 


Dilution index 


0.087 


0.088 


0.103 


0.122 
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Table 2 





Comparative Example 


Example 






i 


4 


5 


6 


Primers 


DRBAMP-3/5/6 


DRBAMP-3/5/6 


DRBAMP-3/5/6 


DRBAMP-3/5/6 




DRBAMP-B 


DRBAMP-BAT 


DRBAMP-B4 


DRBAMP-BGC 


Dilution index 


0.171 


0.172 


0.236 


0.436 
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The results of Tables 1 and 2 Indicate that the use of primers of the present inventon (DRBAMP-BAT, DRBAMP- 
B4 ani dSSiP-BGC) (Examples 1 to 6) results in higher values of dilution index than the use of 00"^"^^ 
^m^ (DRBAMP-B) (dorrparXe Examples 1 and 2), and the dilution index value^Kreases In *«ord" '"A^ 
SSStormaion of a homoduplex to a hetercduplex. As described above. tt» use of the prhner ^^P^ 
^^^naa sequence noncomplementary to the target nucleic acid added thereto enables the Prf**^' 
sS^ex and hence, dear differentiation. Addition of the noncompleme.mn'r'uence solely compr.s- 
ing the bases of Q and C (DRBAMP-BGC Examples 3 and 6) showed most significant effects. 

Fxanmle 7 a n^ nonmaralive Example 3 

Using a primer of the present invention and a conventional primer, a sample of DRWj;iMin301 (j^)^ « 
sampte?f DRbTm301/*1402 (helero) were differentiated In aooordance wHh the method of NK»las et al. using a 
Idseled standanJ DNA and an unlabeled sample Dl^ . .. ^ ...^^j,;,^ rimiinr tn 

SarS^B 1 (DRB1 *130in301) and sample 2 (DRB1 M30in402) were amplified under the conditions similar to 
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Unlabeled sample DNA 



Saniplel 
Sample 2 



Labeled standard DNA 
Conventional primer 
Comparative Example 3 



*1301 
007 
0.09 



*1302 
0.12 
0.14 



*1402 
0.10 



*1405 
0.85 
0.83 



Inventive primer 


Example 7 


*1301 


M302 


*1402 


*1405 


0.08 

0.10 


0.42 
0.43 


0.83 
0.11 


0.88 
0.89 
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^ u. ^ T«w« o eomnio p exhibited a low absorbance for the labeled standard DNAs *1301 . 
near the primer binding site. In contrast, when the lr««rrtve P'^^^^^^l^^ and *1402. 

enliatlon at a hiflher accuracy than the conwenlional pnmar. 

^J^i^a Is^Sd^Taccadance with the differentiation method of the preserrt inventora 
uabon. second stage ^^^.^Jf^ ?2id orimer to oreoare the labeled sample DNA: and an excessive amount 
^ TiJi^S S^^iSS to t^flSSXe XS. eLt the com^KK,e hybridizatton. In this me,^ 
of "f***'^,?*^^ °™ a homo of the type of the unlabeled standard DNA. the molecule hav- 

^'T Tf !?;t^i^nS SSiySJ ei«S?rt an ariJLic dilution index, and the absort«nce will be about 
ing the label on its opposite ends will """'y °®^~r3 " dna has one allele which is of different type (hetero), 
1/20 of the initial value. On the contrary, when 5« '^^^^J^Jf ^e^JiSSrSrived from the chromosomal 

nhfiofbance wtiile the other haH will not undergo a substantial dilution, ana as a resuii. w aoi«iua. 
primer), 
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. u .«*=ta«to«inMAfi iuloflhelabeledsampleDNAwasmixedwith20ploflheunlabeled8lan(ta 
by the unlabeled standard DNA, namely, the dilution index. 



Table 4 



10 



15 




20 



Z6 



30 



35 



40 



AS seen from me resu«s of Table 4. in the case vvh«^ein J« "^"jf^"^^^ 
6pecin«n and the M30in302 hetero ^f^^^^ ^ 30in302 helen. 

i^rtS^L M30ltn» specimen me ^STJcSXraS.^^^^^^^ *e method o. the present 

AS demonstrated m the foregoing, the nudjte "^^Ji^XSo^ren when the mutation site or the 

rrt;:2erat^-<^r:^^^^^^^ 

'""T^ at^ve. When a .^at nu.e. ^^^l-^^^rTe^JnCS:.^^^ 

s«e - Se cental siS. When nuc«c ^ 

thus ampiified P^"* *«,'2fc.'^SiT^^^ enaWes dear, easy dH.eren«a.ion of a 

In addition, the nudeic acid differenliation « ^ „ ^ ^^ near its primer binding s»e. 

nudeic acid e^en when the J^' 'J.^^^JStSS ^^^"rZL enables nucleic add differentiation 

ass:t^"s»r:^?^s:r«:i^ ^^^t^ ^ ^ 

described above. 
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Claims 
1. 



com- 



55 



conplementary to the target nudeic acid. 
2. Aoeneamplifyingprimeracoordinfltodaimi wherelnsaldnoncomplementaryseq^^ 
to 40 bases. 

3 A gene amplifying primer acco«ling to claim 1 or 2 wherein the bases of said nonoomplementary sequence com- 
prise at least 50% of guanine (Q) and/or citoslne (C). 

4 AgeneampliVingprimeraccordingtoanyoneofcWmsltoawhereinsakJprimerhasintroduced 
" alJe label and/or a site capable of binding to a solid phase earner. 



5. 
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• duced n a site owaWeolbWing «. ••"S^'TTiSlSS S«^usln, an »ilLle<l DNA 

}5 and phage. 

8 A nudeic add differertiation assay Wlfar eftecting the nudefe acid differentiation by the method of any one of 
daims 5 to 7. characterized in thai saw Wt comprises 

of the primers being the gene amplifying primer of claim 4; and 
one of the following (A) to (C): 

a chimeric vector of plasmid and phage. 

35 labeled DNA as a 'a^eled^nda^ DNA a^^^ ^ 0^^. 

d binding to the solid phase carrier, to ther*y detem»ne the identity of the nude» aads. 

and phage. 

,2 A nudeic add differentiation assay kit fbr effecting the nudeic add differentlalion by the method of any one of 
50 ' daimsStoll.chaiacterizedinthatsaldWtcomprises 

of the primers Iwing the gene amplifying primer of dam 4; and 
55 one of the fbllowring (A) and (B): 

W a pair 0. pdn»» 10. p«para« u,l*.M sample DNA. « hart on. ot .«d prtn-. Wn. 
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a chimeric vector of piasmid and phage. 
13. A nucleic acid differentiation assay lot according to claim 8 or 12. comprising 

reagents for amplifying a gene in a selects! region of a target nucleic acid in a sample: 

a carrier for trapping the hybridized product; and 

a reagent for delecting the trapped hybridized product. 
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FIG.1 
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FIG.2(A) 




FIG.2(B) 

PRIMER B PRIMER A 
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